This paper presents results of in-situ measurements of optical hyperspectral parameters, chlorophyll concentration and inherent and apparent optical properties of seawater. As a characteristic of hyperspectral optical measurements a CIE dominant wavelength and different color indices are used.
INTRODUCTION
Bio-optical properties of the euphotic sea layer are determined by spectral composition of light upwelling from the ocean. Due to multiple scattering of natural optical radiation an effective path of a photon in seawater is rather large. This insures high sensitivity of upwelling hyperspectral light to the content of dissolved and suspended substances in seawater.
The complete description of spectral properties of radiation ascending from the sea should include a colorimetric analysis ofX-Y-Z color coordinates of CIE [1, 2] . For qualitative description of seawater color in many cases it is sufficient to have a dominant wavelength D computed with X, Y, Z scheme of CIE relative to the Ctype light source. Observations of seawater color from the ship or low-flying aircraft detect the light with the same dominant wavelength as the light observed below the sea surface. The light above the sea surface differs from the light below the surface by the presence of white component reflected from the water. This results in the decrease in the color purity of the light ascending from the sea in comparison with the color purity of underwater light. Transparent marine waters have dominant wavelengths in the range of 2D= 470 ÷473 nm , at the same time the dominant wavelength of turbid yellowish coastal waters reaches the value of 540 nm ( Fig. 1) . Methodical and technical requirements to experimental measurements do not allow to obtain extensive data suitable to produce reliable AD for large ocean areas. This lead to the extensive use of the color index proposed by N. Jerlov [6] . By the definition, the color index is the ratio of two ascending radiances measured at two narrow wavelength channels:
The value of ,, is often chosen in the range of intensive phytoplankton absorption, and value of Ak in the range of weak phytoplankton absorption. Consequently, in this particular case, the color index determines relative absorption by chlorophyll and other phytoplankton pigments and it is related to the concentration of these pigments. If 550 nm and 440 nm, the value of color index. measured in the subsurface layer of the sea, is varied in the range of three orders of magnitude, i. e. 0.03 J(550,440) 100.
Our analysis of measurements fulfilled in various regions of world ocean gives the following relationship between chlorophyll concentration and color index: Fig. 2 that contains not only our data, but also results published in Refs. [4, 5] .
Let us consider dependence of diffuse attenuation coefficient on the dominant wavelength of water depth. The following regression is obtained from analysis of our data and data taken from Ref. 
In spite of subjectivness of z determination, this value was extensively measured during many decades of oceanological investigations, and its values are broadly available from marine atlases. Equation (6) allows to transfer these historical values to the objective hydro-optical properties and, using Eq. 
here R(A1) is duffuse reflection coefficient at wavelength 2 , and q is weakly varying value that predominantly depends on atmospheric optical properties. Equation (4) shows that the color index is proportional to the ratio of diffuse reflection coefficients at corresponding wavelengths. If we consider that R() =const • bB (A)/a() , here a () is an absorption coefficient of seawater, and bB () is a backscattering coefficient, then
Because the color index is determined by conditions of light penetration and backscattering in seawater, its value should be related to the vertical visibility depth that is determined by the same parameters. Our analysis of measurements in waters with the range of Secchi disk visibility between 3 and 44 m gives us the following relationship between color index and vertical visibility:
(6) which can be used to restore this important parameter either from in-situ measurements of color index or using historical data on z and Eq. (6).
By analyzing large massive of published experimental results [10] we obtained the following regressions that couple arbitrary color indices with diffuse attenuation coefficient at 500 nm:
Coefficients A, B, C, and D to Eqs. (8)-(9) are given in Table 1 .
Diffuse reflection coefficient (DRC) R() and radiance reflection coefficient (RRC) are two important properties used in ocean optics and optical remote sensing. They are defined by the following equations:
here E () denote irradiance, and L1 radiance of light at wavelength . The subscript arrow denotes the direction of propagation, z is the depth measured from the sea level. The widely used remote sensing reflectance (RSR) r(A) is nothing but radiance reflection coefficient measured from nadir:
Analysis of RSR spectra, computed from measurements of ascending seawater radiance and descending irradiance, shows significant variability in absolute values and spectral shape of RSR. The increase in the water transparency leads to the shift of the RSR maximum to the blue region. At the same time this maximum looses its distinction and disappears in very clear waters. This behavior of RSR encourage us to investigate connections between the shape of r(2) and bio-optical properties of seawater. Maximum Wavelength, nm In the range of acceptable error the dependence of diffuse reflection coefficient on diffuse attenuation. For many remote sensing and experimental tasks it is important to estimate the depth of the water layer that transforms all directed light into a diffuse light [1 1]. Because this layer has predominant influence on energetic parameters and spectral structure of ascending light, we should consider variability of bio-optical properties in all this layer. We can accept a priori that this depth is equal to the depth when downwelling light attenuates ten times (the depth of 10% of illumination).
According to the definition [12-14], downward diffuse attenuation coefficient is determined by
L E(z) dz consequently, the downward irradiance at depth z may be expressed as
The depth when we have only 10% of radiation from above, i. e. E (z) = 0. 1 E (0) is given by
Replacing k with the expression obtained from Eq.
(1 5), we have the following semi-empirical formula:
or, if we use simplified Eq.
(1 6), we obtain:
here in both Eq. (19) and ( 
RESULTS
We used empirical relationships presented above to estimate ranges of variability of a number of optical parameters for six types of ocean waters that include both open ocean and coastal waters. The waters are divided on five types according to their color. The color is estimated according to the dominant wavelength. The results of these estimations are given in Tab. 2. The ranges of variabilities of bio-optical properties displayed in Tab. 2 reflect results of measurements made in Black and Mediterranean seas and Atlantic Ocean. Table 2 may be considered as a variant of ocean water classification that differ from other classifications [6, [15] [16] [17] . The difference ofthis classification consists in the fact that major parameters are related to the color of water masses may be determined from remote sensing measurements. The information given in Table 2 is useful for estimation of water optical properties from the board of a ship or low-flying aircraft or helicopter. The use of these data with satellite remote measurements should involve optical atmospheric correction. 
